Abstract This meta-analysis synthesizes studies of brief interventions (BIs) that targeted alcohol consumption and reported both alcohol and tobacco outcomes. It examines whether BIs reduce alcohol and tobacco use for adolescents and young adults among interventions that (1) directly targeted tobacco and alcohol use, or (2) did not target tobacco use but measured it as a secondary outcome. Multiple databases and grey literature sources were searched resulting in the identification of 18 randomized or controlled quasi-experimental studies (5949 participants). Analyses were conducted using random effects inverse-variance weighted three-level models. BIs were associated with a significant reduction in alcohol consumption relative to control groups [ g = 0.11, 95 % CI (0.04, 0.17)] but not with a significant decrease in tobacco use [ g = 0.07, 0.16)]. Directly addressing tobacco was not a significant moderator affecting tobacco use outcomes. Post-hoc exploratory analysis revealed potential questions to address with future research.
Introduction
There are currently a range of tobacco use prevention efforts worldwide, including international treaties (World Health Organization, 2014) , international and national campaigns (American Cancer Society, 2014) , laws regulating the marketing and sales of tobacco products, and interventions delivered in healthcare, workplace, and school settings (U.S. Department of Health and Human Services, 2012) . Despite these efforts, youth worldwide initiate smoking and use tobacco at alarming rates (Ng et al., 2012; Richardson et al., 2014) , which is troubling given that earlier initiation of smoking often leads to later tobacco dependence (Nelson et al., 2008; Van De Ven et al., 2010; Riggs et al., 2007) . For example, research has demonstrated that between 17 and 51 % of adolescent tobacco users progress to nicotine dependence by young adulthood (Riggs et al., 2007; Van de Ven et al., 2010) . As nicotine dependence is difficult to treat and often requires sustained intervention (Steinberg et al., 2008) , prevention of initiation or continued tobacco use among adolescents and young adults remains a pressing public health issue.
Research has also demonstrated the high prevalence of comorbid use of alcohol and tobacco over time (Jackson et al., 2002 (Jackson et al., , 2005 . In the 2012 National Survey of Drug Use and Health, approximately 53 % of adolescent heavy drinkers also reported using cigarettes [Substance Abuse and Mental Health Services Administration (SAMHSA) 2013] . Given the common comorbidity of alcohol and tobacco use, it has been hypothesized that their use may be the result of similar motivations, such as emotion regulation (Lippke et al., 2012) , or due to similar psychosocial influences such as family or peer modeling and interactions (Chuang et al., 2009; Kobus, 2003) . Thus, it may be advantageous for interventions to target both substances simultaneously.
Brief interventions (BIs), defined broadly as those delivered in a relatively circumscribed time, may be one important tool to prevent multiple risk behaviors. BIs have been used in diverse prevention and treatment settings (Baer et al., 2001; Eaton et al., 2012; Glasgow et al., 2000; Gmel et al., 2012) and accumulating evidence suggests they effectively reduce substance use among adolescents, young adults, and adults (Bien et al., 1993; Kaner et al., 2007; Moyer et al., 2002; Schubiner et al., 1998; Tait & Hulse, 2003; TannerSmith et al., 2015; Vasilaki et al., 2006) . Interventions targeting two or more health behaviors simultaneously have also gained support in recent years as practitioners, funders, and policy-makers have sought to maximize existing resources (Prochaska et al., 2008) . Indeed, recent research has explored whether some risk (or health) behaviors cluster together (Lippke et al., 2012) , and if so, whether comparable behaviors within the clusters and/or the clusters themselves can successfully be addressed simultaneously. Proponents of multiple health behavior change interventions have drawn on the theory of triadic influence (Flay & Petraitis, 1994) and transfer (Barnett & Ceci, 2002) . They posit that if factors leading to the behaviors are similar, and if the knowledge and skills needed to change the behavior are similar, then multiple behaviors could be successfully addressed through targeted programming (Lippke et al., 2012) . Thus, given the association and similarities between alcohol and tobacco use, a generalization of intervention effects may occur when an intervention targets only one of these behaviors (SAMHSA, 2013) .
A substantial amount of resources have been dedicated to address tobacco use among adolescents and young adults. It is therefore worthwhile to explore the potential effectiveness of BIs in directly addressing tobacco use in conjunction with related risk behaviors such as alcohol use; or if BIs primarily focused on alcohol consumption can have generalized (secondary) effects on tobacco use. Although prior literature syntheses have explored the effectiveness of interventions that directly address tobacco use among youth (Bryant et al., 2011; Hale et al., 2014; Hwang et al., 2004; Jensen et al., 2011; Suls et al., 2012; Sussman et al., 2006) ; to date it seems that only one metaanalysis has examined whether brief alcohol interventions have secondary effects on tobacco outcomes (McCambridge & Jenkins, 2008) . In that meta-analysis, the authors found no significant beneficial effects of brief alcohol interventions on secondary tobacco outcomes; however, that study did not include adolescents (McCambridge & Jenkins, 2008) and thus it is unclear whether those findings can be generalized to youth populations.
Therefore, the primary objective of the present metaanalysis was to examine whether BIs that target alcohol consumption also have beneficial effects on tobacco use for adolescents and young adults among studies that (1) directly targeted tobacco use along with alcohol use, or (2) did not directly target tobacco use but measured post-intervention tobacco use as a secondary outcome. Given the potential for generalized intervention effects, it was hypothesized that although all BIs might be successful in reducing tobacco use, studies involving interventions that directly targeted tobacco use would have a greater effect on tobacco outcomes relative to studies that did not target tobacco use but nonetheless measured it as a secondary outcome.
Additionally, this analysis explores potential differences in intervention effects for adolescents and young adults. Initial use of tobacco often occurs in adolescence and studies have found that by the age of 18, approximately 82 % of those sampled have at least tried a cigarette (National Center for Chronic Disease Prevention and Health Promotion (US) Office on Smoking and Health, 2012) . Studies have also demonstrated an uptake in tobacco use when youth enter college (Meier et al., 2015; Rigotti et al., 2000) ; therefore, young adults may have more opportunities than adolescents to initiate tobacco use in multiple settings. Given the established developmental trajectory from tobacco experimentation to frequent use (Nelson et al., 2008; Riggs et al., 2007; Van De Ven et al., 2010) , young adults are also more likely than adolescents to be dependent users and smoking behaviors might be more difficult to change among this age group. Thus, a secondary aim of the current meta-analysis was to explore whether there were differences between adolescents and young adults in overall intervention effects.
Methods

Eligibility criteria
This meta-analysis includes a subset of studies that were collected for a parent meta-analysis summarizing the effectiveness of brief alcohol interventions (BAIs) for nontreatment-seeking adolescents and young adults (see for full description). The larger meta-analysis focused on diverse types of BAIs; whereas the meta-analysis reported here focuses on a subset of outcomes identified through the original search, i.e., brief interventions (BIs) that reported both alcohol and tobacco use outcomes.
Studies were included in the larger review if they met the following inclusion criteria: (1) evaluated brief alcohol interventions, i.e. interventions that were primarily designed to reduce alcohol consumption and were delivered in \5 h of total contact time and \4 weeks between the first and last session; (2) used a randomized or controlled quasi-experimental research design that included a comparison condition of no treatment, wait-list control, or some form of treatment as usual; (3) provided enough information to calculate pretest and post-intervention effect sizes indexing differences between groups on relevant outcomes; (4) focused on youth age 11-25, or on samples of undergraduate college students no older than age 30; (5) assessed the effects on at least one alcohol use or alcohol related problem outcome, such as frequency of drinking, frequency of binge drinking, or driving under the influence of alcohol; (6) were conducted in 1980 or later. The year 1980 was chosen to include programs relevant to current intervention practices. There were no restrictions based on the baseline risk level of the sample; that is, participants could be described as current or non-users of alcohol or tobacco. There were no geographic or language limitations on eligibility.
The meta-analysis reported here included only those studies that (1) met all above eligibility criteria and reported effects on at least one tobacco use outcome; or (2) met all above eligibility criteria, were designed to reduce tobacco use in addition to alcohol consumption, and reported at least one alcohol and one tobacco use outcome. Tobacco use outcomes included behaviors such as the number of days cigarettes were smoked or the number of cigarettes smoked for a selected time period.
Information sources and search strategy
Using a comprehensive search strategy, published and unpublished studies that met the above criteria were identified for inclusion in the parent analysis. After confirming eligibility for review in the parent analysis, full-text articles were then re-reviewed for inclusion in this sub-analysis. Thus, for this sub-analysis, a new search was not conducted; only articles eligible for the parent analysis were reviewed for inclusion in this analysis. In the search for articles for the parent analysis, the following electronic bibliographic databases were searched, current through December 31, 2012: ERIC, International Bibliography of the Social Sciences, PsycARTICLES, PsycINFO, Social Services Abstracts, Sociological Abstracts, PubMed, CINAHL, Dissertation Abstracts International, Clinical Trials Register, NIH RePORTER, and WorldWideScience.org. Search terms were adapted to be appropriate for each database, but generally used three blocks of terms that described (1) the intervention, (2) alcohol outcomes, and (3) research design (for a search strategy example that includes key search terms, see Online Resource 1). In addition, websites for unpublished literature were searched, bibliographies of all screened and eligible studies and of prior narrative reviews and meta-analysis were reviewed, and hand searches of journals were conducted (list available from authors).
Study selection and data collection process
The project's Principle Investigator (second author of this article) supervised the multi-step eligibility screening and coding process. A team of six research assistants first screened all identified abstracts and titles to eliminate clearly irrelevant study reports based on our inclusion and exclusion criteria. All six researchers initially screened 500 randomly selected abstracts/titles and discussed disagreements until consensus was reached. One team member screened the remaining abstracts/titles, with the second author reviewing all screening decisions. Any disagreements were discussed until consensus was reached. The same team then used the same procedure to screen full text reports and make final eligibility decisions. After all eligible reports were collected coders participated in several weeks of coding training led by the project's Principle Investigator. The same research team then coded information from the eligible study reports using a standardized coding protocol. The items collected for this report are described below. Weekly meetings were held throughout coding, and the project's Principle Investigator checked all coding and resolved coding discrepancies via consensus. If primary studies did not include the information needed to estimate effect sizes, primary study authors were contacted. Missing effect sizes were not imputed when these data could not be obtained.
Data items
Data were extracted from primary study reports on the following variables: participant age (years), percent male, percent White; average attrition; delivery format (one-onone with practitioner/individual, self-administered); focal modality [motivational enhancement therapy (MET), psycho educational therapy (PET), personalized feedback only]; intervention duration (minutes); time between intervention end and posttest (weeks); intervention location (site; country); and study design [RCT or quasi-experimental; intent-to-treat (ITT) analysis (yes/no); program monitoring (yes/no)].
Summary measures
To properly synthesize effect sizes across all studies and permit comparison across outcomes, all effect sizes were transformed to the same metric (Lipsey & Wilson, 2001 ): the standardized mean difference (SMD). The SMD effect size metric was chosen because most primary studies reported outcomes via differences in group means on some continuous scale, and authors used a variety of measurement scales. Because some outcomes were binary (e.g., any use versus abstinence), the Cox transformation was used to convert log odds ratio effect sizes into SMD effect sizes (Sánchez-Meca et al., 2003) . All effect sizes were coded so that positive values represent beneficial intervention effects (e.g., reduced tobacco use, higher abstinence). After SMD effect sizes were calculated for each study they were adjusted to correct for potential bias introduced by small samples resulting in Hedges' g effect sizes (Hedges, 1981) . Additionally, if authors did not properly account for cluster design in their analyses, standard errors of effect sizes in cluster-randomized trials were inflated to avoid potential bias in estimation of the study specific and overall mean effect sizes. This was done by multiplying the standard error of the effect size by the square root of the design effect (Higgins et al., 2008) . When the intraclass correlation coefficient (ICC) required for the formula was missing, the estimated average ICC (0.13) for all alcohol consumption outcomes across all studies, was used (see .
Synthesis of results
Whereas a fixed effect meta-analysis model only accounts for sampling variability within studies, a random effects model assumes that there is both sampling variability within studies and study-specific differences between population effect sizes besides sampling error (Lipsey & Wilson, 2001) . Given the diversity of interventions included in the current meta-analysis, we expected some degree of heterogeneity across studies and therefore conducted all analyses using a random effects statistical model. All analyses were weighted using inverse variance weights, such that each study was weighted by an estimate of its precision (Lipsey & Wilson, 2001) .
Because the majority of studies reported multiple measures of alcohol and tobacco use outcomes at multiple follow-up waves, to handle the statistically dependent effect sizes three-level models were used (Cheung, 2013 (Cheung, , 2014 in the R statistical environment (i386, 2.15.3). Three-level models can be used in meta-analyses to handle statistically dependent effect sizes originating from the same primary study. This method is used in place of, for example, averaging effect sizes into one mean effect size per study or selecting one effect size per study, both of which result in loss of information or assume homogeneity within studies. In the current meta-analysis, the first level of the three-level model represented participants in the primary studies, the second level represented the multiple effect sizes per study, and the third level represented each study. Using this multi-level approach, heterogeneity is partitioned at level two (indicating within-study variability) and level three (indicating between study variability). Following this analysis, the primary moderator, whether or not the intervention directly targeted tobacco, was tested in a multilevel meta-regression model. Further exploratory analysis was then conducted through graphical inspection of included studies.
Addressing study quality and risk of bias across studies Sensitivity analysis to assess study quality was also conducted using multilevel meta-regression models that explored the impact of attrition, presence of intervention implementation monitoring, and whether intent-to-treat analysis was conducted. These specific variables were chosen given their significance in the parent analysis (see and their correlation with the outcomes of interest in this analysis. The potential of publication bias, where studies with null or negative findings are systematically left out of the published literature (Rothstein et al., 2005) , was examined through visual inspection of separate funnel plots of alcohol and tobacco use effect sizes and through three-level meta-regression analysis where tobacco use effect sizes were regressed on their standard errors.
Results
A total of 7593 reports were identified in the literature search: 2467 were duplicates and removed, 2641 were screened as ineligible at the abstract phase, and 1 report could not be located (Fig. 1) . Of the 2484 full-text articles retrieved, 2444 were deemed ineligible for the analysis reported in the current meta-analysis. Thus, this metaanalysis included results from 18 unique study samples (5949 participants) reported in 40 documents (Table 1) . The majority of studies were published in peer-reviewed journals, with the exception of two dissertations.
On average, the majority of intervention participants were male (61 %, SD = 0.23) and just under half were white (43 %, SD = 0.24; k = 14). Eleven studies (13 intervention groups) enrolled adolescents and 7 studies (9 intervention groups) enrolled young adults. All but 1 study used an RCT design, and 11 studies (61 %) explicitly reported conducting intent-to-treat analysis. Ten studies (56 %) were conducted in the United States, and the rest were located in England (22 %), Switzerland (17 %), and Brazil (6 %). The majority of interventions were implemented in an educational setting (High school, k = 10; University, k = 4) with the rest conducted in a health clinic (k = 1) or at a military recruitment center (k = 3). Almost all interventions were delivered one-on-one with a practitioner (k = 16) and the rest utilized a mixed-delivery format with self-administration and one-on-one delivery or self-administration via computer. Studies reported followup outcomes from 1 to 12 months post-intervention: within this range, only 5 studies (28 %) reported outcomes after 6 months. Average attrition across the interventions was 10.7 % (SD = 0.10, range 0-0.40 %).
In four studies two intervention groups were utilized: thus the analysis included 22 unique intervention groups. Tobacco use was directly targeted in at least one intervention group in 12 (67 %) of the 18 included studies, i.e., in 14 of the 22 intervention groups. In the remaining intervention groups tobacco use was not directly targeted but was nonetheless measured and reported as a secondary outcome. Finally, the majority (82 %; n = 18) of intervention groups utilized motivational enhancement therapy or motivational interviewing techniques, three used psycho educational therapy (PET), and one delivered personalized feedback via computer.
Effectiveness of brief interventions
In the three-level random-effects meta-analysis synthesizing results across all 18 included studies, brief interventions were effective in reducing alcohol consumption among youth [ g = 0.11, 95 % CI (0.04, 0.17); s (2) 2 = 0.00; s No. records identified through database searches n = 6373
No. records identified through website and hand searches n = 1220 . Thus, although brief interventions did significantly reduce the level of alcohol consumption among adolescents and young adults, they did not simultaneously reduce the level of tobacco use. Additionally, tobacco use effect sizes were statistically homogenous within studies; that is, if a study reported multiple tobacco outcomes, the effects were relatively statistically similar to each other. However, there was a small, significant degree of heterogeneity between studies on tobacco outcomes (s (3) 2 = 0.02), with the I (3) 2 indicating that 57 % of that heterogeneity is due to true heterogeneity and not chance. Thus, differences in tobacco outcomes could be due to factors that vary across studies.
A scatter plot was generated to represent the distribution of tobacco and alcohol effect sizes of included studies (Fig. 2) . In this figure, each horizontal line represents a unique study. A weighted mean effect size was calculated so that there was only one tobacco (black circle, n = 18) and one alcohol (gray circle, n = 18) effect size per study. Each effect size was weighted by its appropriate relative contribution to the overall mean effect: the size of each bubble in the scatter plot represents this weight. Bubbles to the right of the dotted line (x = 0) indicate interventions with a positive effect (reduced alcohol or tobacco use) and bubbles to the left indicate negative intervention effects (increased alcohol or tobacco use). This approach differs from the statistical approach used in the analysis by using a weighted average of effect sizes per study to aid in the visual interpretation of the results (see Appendix for a complete list of all effect sizes). It was not appropriate to use a traditional forest plot given the multilevel nature of these data. However, like the forest plot, the bubble plot in Fig. 2 permits comparison of the average mean effect per study by outcome (i.e., alcohol or tobacco), and shows each study's relative contribution to the overall mean effect for that outcome. For example, as demonstrated by the tobacco effect sizes, the smallest studies contributed the least weight to the overall mean effect size, but were more likely to have positive effects on tobacco use than the larger studies. This plot also indicates that alcohol effect sizes were typically positive (i.e., right of the null line) and favoring the intervention group, compared to the tobacco effect sizes.
Moderators of intervention effectiveness
As highlighted above, there was no within-study variability for the alcohol or tobacco effect sizes. However, given the significant amount of variability between studies for the tobacco use effect sizes, the primary a priori moderator of interest was tested: whether an intervention program directly targeted tobacco versus interventions that did not directly target tobacco use (i.e., tobacco was measured as a secondary untargeted outcome). Whether or not the program directly targeted tobacco was not a significant predictor of tobacco outcomes [b = 0.02, 95 % CI (-0.14, 0.18)]. Thus, these results provided no evidence that programs that directly targeted tobacco produced different effects than those that measured it as a secondary untargeted outcome. Due to the amount of variability between studies as evidenced by s (3) 2 (0.02), prior to any further moderator analyses the data were explored graphically to visualize the distribution of tobacco effects depending on the intervention focus and target population. The horizontal boxplots (Fig. 3) illustrate the distribution of all tobacco effect sizes (n = 49): in this figure the effect sizes were categorized by (1) whether or not the program directly targeted tobacco and (2) participant group [adolescent (high school student or maximum sample range younger than 18 years) and young adult (university student or minimum sample range older than 18 years)].
There was more variability in the tobacco effect sizes among interventions that enrolled adolescents than interventions that included young adults (Fig. 3) . This finding is supported when three-level random effects models are run separately for adolescents [ g = 0.12, 95 % CI (-0.00, 0.24); Although neither model yields a significant mean effect size, there is a greater degree of true heterogeneity between studies targeting adolescents (I (3) 2 = 61 %) than young adults (I (3) 2 = 31 %). Thus, programs targeting adolescents might vary more on some element, which affects their outcomes. For example, studies with adolescents could have more diverse samples with different risk levels compared to interventions that enrolled young adults. As a result, there may be some untapped opportunities for intervening with adolescents through BIs that target alcohol and/or tobacco use. Although the median values shown in Fig. 3 suggest a possible larger effect of tobacco-focused interventions for adolescents versus young adults, there was no evidence of a significant difference between groups when directly tested with a threelevel meta-regression model [b = 0.18, 95 % CI (-0.05, 0.42)]. This finding could be due to low statistical power, however, as this test was a comparison between seven adolescent studies and four young adult studies.
Study quality assessment and risk of bias
A series of sensitivity analyses was conducted to examine the effect of primary study quality on the meta-analysis results (Table 2 ). These analyses specifically examined whether study quality indicators, such as implementation monitoring, average attrition, and whether or not the authors conducted intent-to-treat (ITT) analysis were associated with intervention effects. Results from multilevel bivariate meta-regression models indicated that the use of ITT analyses, which is a more rigorous analytical method than treatment-on-the-treated (TOT) analysis, was a significant predictor of tobacco use [b = -0.19, 95 % CI (-0.34, -0.03)]. Namely, interventions in studies where ITT analysis was utilized reported null outcomes in reducing tobacco use compared to positive intervention outcomes in studies where TOT analysis was conducted [ g = -0.02, 95 % CI (-0.13, 0.09) and g = 0.17, 95 % CI (0.05, 0.28), respectively]. This suggests that studies using TOT analysis were potentially upwardly biased in their estimate of intervention effects. Average attrition was also a significant predictor of tobacco use outcomes [b = 1.03, 95 % CI (0.00, 2.07)] indicating that studies with greater attrition also reported an increased effect on tobacco use compared to studies with lower attrition. This indicates that interventions with higher attrition may have suffered from selection bias, where those motivated to change remained in the intervention and those not as interested dropped out. Finally, monitoring of the intervention was not a significant predictor of intervention effectiveness on tobacco use Fig. 3 Box plots of tobacco effect size distributions, by age group and program focus. k Number of studies, n number of effect sizes outcomes [b = 0.07, 95 % CI (-0.14, 0.27)]. In sum, sensitivity analyses indicate that studies that use TOT analysis and studies with higher attrition may overestimate the positive effects of their intervention on youth's tobacco use outcomes.
To assess the possibility of publication bias, separate funnel plots for tobacco and alcohol outcomes were visually inspected (not shown, available upon request). For both outcomes, the funnel plots were slightly asymmetric, with a large number of studies clustered toward the top of the funnel and almost no studies towards the bottom portions of either side of the funnel. This suggests a general lack of small sample studies with either positive or negative effects and could indicate publication bias. A threelevel meta-regression model was used to regress the tobacco effect sizes on their standard errors to further examine potential existence of publication bias. Results from this analysis did not provide evidence of an association between the effect sizes and their standard errors [b = 0.63, 95 % CI (-0.24, 1.51)], which offered some reassurance against small study bias. Nonetheless, despite the systematic search process used to identify eligible studies, only 2 non-peer reviewed studies were identified. Thus, while there is no clear indication of publication or small study bias in this sample of studies, it is possible there is bias in the publication process favoring large-scale studies.
Discussion Primary results
This meta-analysis of 18 studies illustrates that brief interventions targeting alcohol consumption do reduce alcohol use among adolescents and young adults but do not appear to have similar beneficial effects on tobacco use. This finding was consistent regardless of whether tobacco was directly targeted by the intervention, or was measured as a secondary (untargeted) outcome. Although a previous review found support for the effectiveness of interventions targeting multiple risk behaviors among adolescents, including interventions that simultaneously targeted alcohol consumption, aggression, illicit drug use, sexual risk behaviors, and/or tobacco use (Hale et al., 2014) , findings from this review stand in contrast. Results from the current review provide no evidence of tobacco use reduction as either a primary outcome in brief multi-target interventions or as a secondary outcome in brief alcohol interventions among adolescents and young adults. There are two potential explanations for these different findings. First, Hale et al. (2014) included a range of interventions that lasted from 4 to 140 sessions, while we focused only on BIs shorter than 5 h. Second, the previous review primarily addressed multi health behavior change interventions whereas ours included interventions that focused solely on alcohol but reported secondary tobacco outcomes. Thus, longer interventions targeting multiple risk behaviors among adolescents may indeed be effective, but results from the current meta-analysis provide no evidence that brief alcohol interventions are effective in simultaneously reducing tobacco use among youth.
Exploratory analyses did suggest potential differences between BI outcomes by target population, such that there may be more variability in tobacco outcomes among adolescents when compared to young adults. However, some participants may have enrolled in these studies before using tobacco and others may already have engaged in tobacco use. Therefore, the interventions may have served to prevent smoking in some participants and to reduce smoking in other participants. In the United States, approximately 86 % of adults reported initiating smoking by age 18, compared to only 37 % initiating by age 14 (National Center for Chronic Disease Prevention and Health Promotion Office on Smoking and Health, 2012) . Therefore, in the studies in this analysis, it is likely that compared to young adults who might already be using or dependent on tobacco, enrolled adolescents were more likely to be abstainers or experimenters upon study entry. Unfortunately, we do not have sufficient baseline data from the studies included in the meta-analysis to explore how this might affect the observed intervention effects. Research also suggests that younger participants are more likely to successfully quit using tobacco than older participants (Abrantes et al., 2009) ; thus, as demonstrated by our exploratory analysis, there may be greater potential impact on tobacco use among younger adolescents, particularly for interventions that target both alcohol and tobacco. Given the exploratory nature of our post hoc analysis, differences by age should be directly tested in future primary research. This study's findings are similar to previous metaanalyses in which tobacco-focused programs had smaller effects than interventions targeting other substance use outcomes (Jensen et al., 2011) or where alcohol-focused interventions do not have any secondary effects on tobacco use (McCambridge & Jenkins, 2008) . One possible explanation for these findings is that BIs are simply not intense enough to produce measurable effects on tobacco use when alcohol consumption is addressed simultaneously. In this study, interventions ranged from 2.5 min (administered through a leaflet) to 75 min (including a parent booster session). Perhaps the attempt to target multiple risk behaviors in one short intervention mitigates potential effects on the use of highly addictive substances, such as tobacco products. Prior research has suggested that only small proportions of youth seeking cessation are successful and that sustained interventions to address tobacco dependence are necessary (Abrantes et al., 2009) . Research has also demonstrated that brief alcohol interventions are effective for simultaneously targeting other substance use, such as marijuana, yet only when these are directly targeted and not measured as secondary outcomes . Thus, a lack of secondary effects in this analysis may be because tobacco behavior should be handled differently from other substances.
Limitations
Caution must be exercised in interpreting these findings. Although BIs were effective only in reducing alcohol consumption and not in reducing tobacco use outcomes, it is important to recognize that this synthesis was not from the entire body of tobacco-related brief interventions, but a subset of that literature, that is interventions that also and sometimes primarily addressed, alcohol consumption. Reporting biases may exist in the literature, especially between the studies that chose to report secondary outcomes of their intervention and those that did not. Further, despite the systematic and rigorous search approach, the few non-peer reviewed studies identified in the search may point to small study bias in this field as other authors have suggested (Tanner-Smith & Polanin, 2014) .
Additionally, although the majority of studies used MET/MI intervention approaches, which focus on enhancing participants' motivations to self-evaluate and self-regulate their behavior, we have limited information from primary study reports on how these approaches were modified to address the different developmental needs of adolescents and young adults. This analysis may have also missed beneficial delayed effects due to the short follow-up periods available in the included studies. Namely, any delayed long-term effects among adolescents that could appear as late as a few years post-intervention (Hale et al., 2014) might not be apparent in this review because the follow-up period ended at 6 months post-intervention in over 70 % of the included studies. Thus, future research should attempt to collect longitudinal data on tobacco use, especially to capture the transition from adolescence to young adulthood.
Given the significance of attrition and TOT analysis in our sensitivity analysis, it is also possible that some elements of individual study design may have biased the analysis, and that, for example, different effects would be found if all studies had employed a more rigorous design and analysis approach. Because the sensitivity analyses indicated that studies using less rigorous design and analysis methods yielded inflated effect size estimates, this at least provides confidence that the overall effects from the current metaanalysis are conservative. However, this indicates that consumers of primary studies should be aware of the potential inflation of effect sizes in studies with high attrition or those using TOT analysis methods. Finally, the graphical figures included in this meta-analysis were designed to be exploratory and to help advance future primary research in this area. Thus, any implications of potential variability in effects across age groups or intervention types are exploratory and must be interpreted cautiously.
Primary recommendations
In conclusion, although brief interventions are effective in a wide variety of prevention and treatment settings, it appears they may have limited ability to address tobacco use among adolescents and young adults if alcohol consumption is the primary or simultaneous focus of the intervention. Given that the baseline status of tobacco dependence is unknown in many of the included studies, future interventionists should attend to the baseline level of tobacco use in their population and adjust their intervention approach accordingly, especially if tobacco use is a targeted outcome. If tobacco use is targeted a priori as a secondary outcome to measure, including baseline dependence data in primary studies would be useful for future syntheses of this literature. Future research should also address whether achieving secondary outcomes is only possible among certain populations (e.g. younger adolescents), and whether BIs should address certain risk behaviors simultaneously (e.g., drinking and sexual activity) or simply focus on one primary risk behavior.
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